the figure). T cell receptors activate their signaling pathways from lipid rafts (9) , and signaling by EGF receptors is differentially regulated by raft lipids. The ganglioside G M3 inhibits EGF receptor autophosphorylation by binding to its extracellular domain, but administration of another ganglioside (G D1a ) enhances EGF-mediated signaling by increasing dimerization of EGF receptors, thus priming them for binding to EGF (10) .
Of the four Ras isoforms, only H-Ras with its two palmitoyl chains has a definite affinity for lipid rafts, depending on its activation state. The current interpretation is that H-Ras is in dynamic equilibrium between at least two types of small (10 to 15 nm) membrane domains. One domain is formed by lipid-lipid interactions and is cholesterol dependent, whereas the other is stabilized mostly by protein-protein interactions and is cholesterol independent. HRas is thought to be shifted from the former to the latter when loaded with GTP (11) . The assemblies formed by GTP-loaded HRas are dependent on galectin-1, a cytosolic protein that binds to galactose moieties as well as to H-Ras and plays a crucial part in Ras signaling (12) . Another admittedly speculative view is that galectin-1 organizes GTP-loaded H-Ras into cholesterol-independent raft nanoclusters from which signals are relayed. But the question is how. It is possible that galactosylceramide when flipped to the cytosolic lipid leaflet could serve as a raft anchor for galectin-1.
The importance of membrane domains in Ras signaling is obviously an open issue. The question raised here is whether transiently specialized raft assemblies could form through protein-lipid and protein-protein interactions that do not result in the accumulation of other raft markers. Their formation would not be restricted to the plasma membrane but could take place equally in Golgi membranes, which contain all of the components needed for raft assembly. The rapid time scale of the interaction between Ras and Raf (11), followed by depalmitoylation and dissociation from the membrane, will further complicate the analysis of these nanoscale Ras signaling platforms.
Ras proteins have been identified and characterized and their posttranslational modifications established for more than 25 years. With more than 25,000 PubMed entries, Ras proteins are probably the most extensively studied signaling molecules ever. Nonetheless, the individual roles of the different isoforms in cell proliferation, differentiation, and oncogenic transformation are still not understood, nor are the signaling outputs of their specific effector pathways. Unfortunately, good tools for selectively assessing the function of a single Ras isoform without resorting to overexpression experiments are still missing. Thus, the spatiotemporal analysis of endogenous Ras signaling remains a big challenge for the future. Why is Ras signaling localized to the Golgi? One advantage of the Golgi is its close proximity to the nucleus, the ultimate destination for activated MAPK. Computer modeling of the MAPK signaling cascade predicts a strong attenuation of the phosphorylation signal from the plasma membrane toward the nucleus (13) . Signaling from the Golgi would bring the process closer to the target site and therefore would be especially suited for transcriptional regulation.
The paper by Rocks et al. is an important piece in the Ras puzzle but it is also of much more general value, because it describes a targeting mechanism that has not received much attention by researchers in the protein sorting field. It could well be that there are many more proteins that are sorted by reversible posttranslational modifications and that cycle between different cellular sites. On the roundabouts as well as at the exits, there are probably more surprises to come.
T he emerging field of quantum technology uses individual atoms, molecules, and photons to construct new kinds of devices. Quantum objects are not limited to the binary rules of conventional computing, but can be in two or more logical states at once. When a group of objects collectively occupy two or more states at once, they are said to be entangled. Photons interact very weakly with their environment, and therefore entangled states of photons hold considerable promise for applications ranging from imaging and precision measurement to communications and computation.
In every quantum-information processing scheme, bits of information must be stored in the states of a set of physical objects, and there must be a physical means to effect an interaction between these quantum bits (qubits). But when one tries to use individual photons to store and process information, a problem arises: Photons interact extremely weakly or not at all, and it might thus seem unlikely that they can be used directly for quantum-information processing.
Remarkably, a scheme for effective quantum interactions between photons has been invented that does not require the photons to interact physically. When a group of photons are in an entangled state, the measurement of one or more of these photons' states causes the state of the remaining photons to "collapse." Such a state collapse can be viewed as an effective interaction between the remaining photons (1) . The nature of the interaction depends on the outcomes of the measurement on each observed (ancilla) photon. The occurrence of certain predetermined outcomes of the ancilla measurements signals (heralds) the effective interaction of the remaining photons.
This approach can be used to implement "heralded" quantum logic gates in a scheme called linear-optical quantum computing (see the first figure). Substantial progress toward linear-optical quantum computing has been made, such as the design (2) and demonstration (3) of a teleportation gate and of a controlled-not (C-NOT) logic gate (4), and the preparation of entangled states of two photons (5). But serious challenges remain.
When using photons as qubits to encode information, each photon must be created in one of two distinct quantum states or in a superposition of these two states. If the photons occupy more states in an uncontrolled
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Processing with Photons way, the scheme for effecting interactions among photons described above will fail. The quantum states of a photon are characterized by their spectrum, pulse shape, time of arrival, transverse wave vector, and position. All of these variables must be controlled precisely to ensure that only two distinct quantum states are present. The linear-optical quantum-computing scheme relies on two-photon interference. When two photons are incident from opposite sides of a beam splitter (see the second figure), the quantum nature of photons leads to a counterintuitive effect, named after Hong, Ou, and Mandel (6) . If photons behaved as classical particles, they should both exit the same port, either the upper or the lower (see the second figure, top panel), 50% of the time, and at opposite ports the other 50%. The latter event, in which both detectors should fire together, can occur in two ways: Either both photons are reflected, or both are transmitted (see the second figure, bottom panel). For identical photons, these two events cancel each other out, and the two detectors never fire together. Such a cancellation cannot occur for classical particles.
For linear-optical quantum logic devices to operate properly, the input photons must not carry any distinguishing information and must not be in a statistical mixture of states of different character. What is needed is a source that creates photons in controlled, "pure" quantum states, such that each photon has the same temporal and spatial shape.
The main strategy to create such pure photons is to structure ("engineer") the quantum vacuum, that is, to reduce the number of possible ways in which a newly created photon can fill a previously empty space. This notion is the basis of several recent experiments that use single atoms in cavities to build a singlephoton source (7, 8) . When an atom is confined in a high-quality optical cavity, it emits photons with welldefined frequency and spatialtemporal extent. Cavity-controlled photon emission has also been accomplished with solidstate sources, and the Hong-Ou-Mandel effect has been observed with these (9) . In principle, these sources should be able to create photons "on demand"-that is, a single, pure photon should be available at the push of a button-but much practical development remains to be done for this to be the case.
Single photons can also be generated by "photon splitting." In this process, a single (say, blue) pump photon may split at random into a pair of (red) daughter photons traveling in different directions, or beams. The detection of one photon then heralds the imminent arrival of the second photon. Such "twin" beams may be generated in certain nonlinear optical crystals by a process called "parametric downconversion." The spatial and temporal correlations of the photons in each pair are determined by the characteristics of the pump beam and by the internal structure of the nonlinear crystal. Unfortunately, in most practical situations, the resulting photon pairs are entangled, so that detection of the herald photon leaves the other photon in a statistically random (rather than a pure) state. Because the photons are not pure, they will not interfere at a beam splitter (10) .
Vacuum engineering can be used to improve the control of the downconversion process. By placing the nonlinear crystal or other medium in a low-loss optical cavity, analogous to putting an atom in a cavity, the frequency of the emitted photons can be controlled (11) . A good configuration for producing pure photons is a medium with a periodically structured linear refractive index, which creates an optical cavity that is shorter than the medium itself (12) .
An alternative method, which works without a cavity, is to structure the nonlinear properties of the medium in a periodic pattern. With this method, called quasi-phase matching, nonentangled photon pairs can be generated (13) . The measurement of one of the twins then yields information only about the presence of the other, not about any other property. The photon thus prepared is pure and suitable for linear-optical quantum computing.
Micropatterned structures for photon downconversion can be fabricated in an optical waveguide that is compatible with optical-fiber systems and that can be scaled up, allowing large numbers of identical photons to be created in a compact device. These and other approaches for creating clean, pure photons are at the forefront of quantum optics research and will lead to new quantum technologies, many of which are yet to be envisioned.
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Photons at a beam splitter. (Top) Two processes lead to both photons exiting the same port. These never cancel each other out, and the photons therefore bunch together at the output. (Bottom) Two processes lead to one photon exiting each of the upper and lower ports. In the case of identical photons, these processes cancel one another out. Quantum computing based on single-photon wave packets. Three heralded sources of pure state photons (PDC1 to PDC3, left) feed into a cascade of beam splitters (BS1 to BS5), where they interfere. The three beam splitters in the dashed box implement a linear-optical quantum conditional sign-shift gate (NS gate), an element of the quantum C-NOT gate.
The phase difference between the paths linking BS1 and BS2 is shifted conditionally upon detection of a photon at D1 and no photon at D2.
